ICUs are an essential but expensive part of all modern hospitals. With increasingly limited healthcare funding, methods to reduce expenditure without negatively influencing patient outcomes are, therefore, of interest. One possible solution has been the development of 'intermediate care units' , which provide more intensive monitoring and patient management with higher nurse:patient ratios than the general ward but less than is offered in the ICU. However, although such units have been introduced in many hospitals, there is relatively little published, especially prospective, evidence to support the benefits of this approach on costs or patient outcomes. We review the available data and suggest that, where possible, a larger unit with combined intermediate care and intensive care beds in one location may be preferable in terms of greater flexibility and efficiency.
Introduction
Intensive care medicine is still a relatively young specialty in comparison with other fields of medicine, but has developed to become an essential part of all modern hospitals and the ICU now takes up a large proportion of the hospital budget. The challenge of caring for lowrisk ICU patients effectively and efficiently dates back to the earliest days of organized intensive care [1] . The fundamental question is how best to organize the available human and technological resources to address the needs of patients who do not now, but might soon, need advanced critical care interventions. Healthcare, hospital and ICU managers are increasingly faced with difficult financial decisions regarding how best to allocate increasingly limited funds without reducing standards of care or negatively impacting on patient outcomes. In the search for solutions to this funding dilemma, methods to reduce ICU costs have been proposed. One such approach involves the use of so-called 'intermediate care', 'high-dependency', 'step-up/down' or 'progressive care' units. For the sake of this article, we will use the term 'intermediate care unit ' (IMCU) and assume that all such units are similar [2] , although in some hospitals several different types of unit may be used to progressively move a patient from the ICU to the general ward. Some hospitals have created general IMCUs, whereas others have created IMCUs for specific patients groups, such as cardiac, neurosurgical, or respiratory patients. In an international observational study conducted in 2007, 31% of the participating hospitals in 75 countries had an IMCU [3] .
The general concept is that an IMCU can be used to manage patients who need more care than a general ward can provide but do not really need the degree of monitoring and expertise that an ICU offers; such units can, therefore, theoretically be run with lower nurse:patient ratios and less equipment than ICUs and hence are often seen to be a cheaper alternative. Do these units really reduce costs and do patients benefit from this stepwise approach? Although the different types of IMCU and lack of standardized definitions for such units can make it difficult to compare data from different studies, here we will consider the available evidence.
Intermediate care units: the evidence for and against
It is well recognized that, although numbers of ICU beds are limited, many patients are admitted to the ICU who do not really need full 'intensive care' [1] . Proponents of the IMCU suggest that such units could, therefore, be used to free up ICU beds for patients most in need of full ICU facilities and expertise. In one large multicenter study in the US, 20% of all ICU admissions were considered 'low severity' and potentially 'clinically unnecessary or inappropriate' [4] . Other more recent studies have reported that 20 to 30% of all ICU patients are admitted for less than 24 hours for routine surveillance/monitoring [5, 6] ; this percentage may be considerably higher on surgical ICUs than on medical or mixed units. Such patients are at low risk of developing complications and hence unlikely to require invasive therapy during their ICU stay [1, 4, 7, 8] , making them potentially appropriate candidates for IMCUs with higher staff:patient ratios and more specialized equipment, notably for monitoring, than on the general ward but less than on the ICU, theoretically making these units a more cost-effective option for patients not needing full ICU facilities.
As well as direct admissions to the IMCU for low-risk patients requiring short-term intensive monitoring, these units are also used as a 'step-down' facility for patients who no longer need intensive therapy, but are perhaps not ready to return to the general ward [9] . Without the presence of an IMCU, such patients would, perhaps unnecessarily, be kept on the ICU, thus occupying a bed and preventing its use by a patient who may benefit more. Alternatively, they may be discharged to the ward early, especially in small ICUs with limited bed availability, carrying the risk of increased readmission rates, which have been associated with increased mortality rates [10] . IMCUs are also used as 'step-up' units, admitting patients who require more intensive management than is available on the general floor but do not yet need full intensive care, in the hope that this move would prevent a later ICU admission.
Effects on outcomes?
Despite the theoretical reasons to support the use of IMCUs and the many such units now in existence, there are relatively few published data directly assessing their value and the studies that have been published are mostly retrospective in nature. In an early study, Franklin and colleagues [11] reported that the opening of an IMCU was associated with a decrease in mortality rates across the medical service, largely because of a decrease in the numbers of deaths on general medical wards. The authors suggested that this was in part because more ICU beds had been made available as lower-risk intensive monitoring patients were admitted to the IMCU so that high-risk patients who would otherwise have been managed on the general ward because of bed shortages were being more appropriately managed on the ICU. Beck and colleagues [12] reported that patients with high severity scores who were discharged to hospital wards had a higher risk of inhospital death compared with patients discharged to a high-dependency unit, suggesting that the IMCU helped prevent 'premature' discharges to the ward. However, Campbell and colleagues [13] reported that discharge to a high-dependency unit was an independent risk factor for early ICU re-admission, suggesting that these patients had been discharged prematurely; importantly, as mentioned earlier, ICU readmission is associated with increased mortality rates [10] . In a before-after study in a surgical ICU, opening an IMCU was associated with an increase in the overall severity of illness of the patients admitted to the ICU, but without increased mortality [14] . The creation of a step-up 'subintensive care unit' within an acute care for the elderly department was associated with improved patient outcomes compared with an historical cohort of patients with similar disease severity admitted to the general acute care ward [15] . However, in a retrospective cohort study of data from 28 ICUs in the Netherlands, the presence of an IMCU was associated with higher inhospital mortality than if no such unit was available [16] . In a 14-year observational study, Teli and colleagues [17] reported a significant decrease in ICU admissions for routine vascular surgical patients after creation of a highdependency unit. Finally, Ranzani and colleagues [18] performed a propensity-matched analysis of 160 patients discharged from the ICU to an IMCU over a 5-year period in a teaching hospital in Brazil. Ninety-day mortality rates and unplanned ICU readmissions were similar in patients discharged to the IMCU and those discharged to the general ward.
Few studies have prospectively collected mortality data for comparisons of intermediate and intensive care. In one study, Bellomo and colleagues [19] found that the opening of a four-bed high-dependency unit in their department had no effect on mortality rates or hospital length of stay and was associated with an increase in the number of patients requiring re-intubation. In a prospective before-after study, Solberg and colleagues [20] reported that introduction of an IMCU, for use as a stepdown unit from the ICU, was associated with improved ICU utilization and more appropriate use of ICU beds, such that a sicker population of patients, with higher mortality rates, was admitted to the ICU during the IMCU period. However, there were no differences in the numbers of ICU referrals, readmissions to the ICU, or ICU length of stay before and after the IMCU was opened.
In a recent multinational observational study performed in 167 ICUs from 17 European countries, the presence of an IMCU in the hospital was associated with a significantly reduced adjusted hospital mortality for adults admitted to the ICU (odds ratio 0.63, 95% confidence interval 0.45 to 0.88, P = 0.007), notably those admitted for full intensive care therapy rather than just for monitoring [21] . However, in this study less than 25% of the ICU patients actually received treatment in an IMCU either before or after their ICU admission. Hence, if IMCUs do reduce mortality, they must do so by somehow improving the performance of the ICU in caring for the sickest patients who never receive care in the IMCU. The mechanism for this effect on care outside the IMCU is not clarified in the study. In addition, the apparent 'harm' of not having an IMCU was derived from data on a minority (16%) of the participating ICUs that were smaller and less likely to be academic centers than ICUs in hospitals with IMCUs.
Effects on costs?
The theoretical increased efficiency associated with availability of an IMCU and the reduced staff:patient ratios on such units have often been promoted as likely to be associated with reduced costs. In an early systematic review of the literature, only three studies were identified that had conducted economic analyses and they all concerned respiratory IMCUs. The authors concluded that there were insufficient data to support 'the viewpoint that the addition of a [transitional care unit] to an institution with ICU and general ward beds is cost-effective' [22] . In a more recent prospective study, Bertolini and colleagues [23] reported that, for patients with exacerbation of chronic obstructive pulmonary disease, the total cost per patient was lower in a respiratory IMCU than on an ICU. However, Solberg and colleagues [24] noted that, although the costs of an IMCU day were less than those of an ICU day, total hospital costs per patient increased significantly after introduction of an IMCU. The authors suggested that this was due to a greater severity of illness in the patients admitted after introduction of the IMCU and hence longer ICU stays and was not related to the introduction of the IMCU per se. Moreover, they suggested that their IMCU may have been running at less than optimal efficiency, because only 85% of beds were occupied during the study period as a result of staffing constraints. In a Canadian hospital in which the IMCU was closed for budgetary reasons, Byrick and colleagues [25] reported an increase in the numbers of admissions to the ICU with low severity of illness and with short stays and an increase in the numbers of patients discharged with low nurse workload requirements; these findings were interpreted as an increase in inefficient use of staff and resources and the IMCU was reopened.
Assessing cost differences occurring as a result of introducing IMCU beds can be difficult, with the existing literature using the typical bed-day cost algorithm, which does not factor in the reduced acuity and cost of patients as they move through the ICU and hospital, such that an ICU day cost before they move to the ward is very similar to the first day on the ward cost [26] . The cost savings achieved by shifting patients from one bed to another (from an ICU to a long-term acute care facility or an ICU to the ward a few days earlier) need to be calculated as the total cost of care, not just the ICU costs.
An alternative approach?
Despite the introduction of general IMCUs in many hospitals, particularly in Europe, there are relatively few data evaluating their role in improving patient outcomes and/ or reducing costs. Indeed, the few prospective data that are available suggest that such units have little effect on outcomes or costs. This finding is not so surprising. First, although creation of IMCUs may theoretically reduce overcrowding of ICUs, in practice this approach does not solve the problem but merely shifts it to another location. Second, creating additional IMCU beds may have the unintended consequence of creating demand for beds that did not exist previously, with the only outcome being increased cost. There is large variability in the United States for decisions to admit to an ICU even at the lowest end of acuity [27] . When Taiwan created special weaning units and when the United States created long-term acute care hospitals to move chronically ventilated patients out of acute care ICUs, the major effect both countries saw was an 'epidemic' of chronic critically ill [28, 29] . Third, patients admitted to an IMCU will generally be low-risk and would have consumed a relatively low proportion of total ICU costs if admitted to the ICU [24, 30] ; these patients are not the 'big spenders' of ICU care. In addition, as intermediate care is more costly than general ward care, and as some patients would be managed on the general ward if no IMCU were available, total hospital costs may in fact increase with introduction of such a facility.
An alternative solution may be to combine intermediate care beds with intensive care beds in one location [31] . These combined units may be able to operate more efficiently than separate units. Essential, often expensive monitoring and interventional equipment can be concentrated in the one area rather than having to be duplicated in two separate units. There is also greater flexibility in bed use and staffing on a larger combined unit than in separate units. Sudden fluxes in demand for beds or change in the types of patients being admitted can be managed more easily in a larger unit, and bed designations can be changed from intermediate to intensive care as necessary. The nursing and medical staff also benefit from caring for different types and categories of patients, making working conditions more varied and interesting.
In an analysis of expenditure data from 72 adult intensive care and combined intensive care/high-dependency units in the UK, Jacobs and colleagues [32] reported that larger units, which combined 'intensive' with 'intermediate' beds, may be associated with reduced costs compared to smaller units. Mortality rates in larger, high-volume ICUs may also be lower than in smaller units with fewer annual admission rates [33] . An Expert Group of the UK Department of Health reported in 2000 that 'the existing division into high dependency and intensive care based on beds be replaced by a classification that focuses on the level of care that individual patients need, regardless of location' and suggested that wherever possible all critical care beds should be in adjacent locations [34] .
An evidence-based approach to this organizational question is difficult. First, it is unlikely that we will ever be able to do a definitive randomized trial evaluating IMCUs. The ideal study evaluating IMCUs would not only focus on ICU costs and outcomes but also on the costs and outcomes of hospital patients who use the IMCU and are never cared for in the ICU. Second, local factors confound comparison of hospital organizational structures. For example, hospital policies regarding ward use of intravenous insulin, non-invasive ventilation, and cardiac telemetry make admission to an ICU bed mandatory in some hospitals and not others [35] . Variation in nursing ratios and the availability of other staff make ward care of selected patients safe in some hospitals but not others. Third, the cost-savings achieved by introducing an IMCU is also unclear. The most expensive part of intensive care is nursing care and assuming the nursing ratios and numbers of patients are fixed, introducing an IMCU will not reduce costs significantly. Therefore, simply shifting ICU days to IMCU days will not necessarily translate into cost-savings. In fact, easier access to these beds might increase the overall number of patient bed days in an intensive care area. Finally, solutions must reflect local realities. While a large single ICU with flexible staffing and monitoring may be ideal for efficiency and quality, some hospitals may simply not have the physical space to create this solution. In these cases, a separate IMCU may be the only way to increase critical care capacity. As in many areas of health services research and quality improvement, one size may not fit all.
Conclusion
There is little published evidence to support a positive effect of separate IMCUs on efficiency, costs or patient outcomes. However, local considerations, including demand, ICU and ward case-mix, ICU volume, available staffing, physical and financial resources, and the quality of clinical care on the ward, must be taken into account when making such decisions. Importantly, whether or not an IMCU is present, the need for careful patient triage must be maintained to ensure that sufficient ICU beds are available at all times for those patients who will benefit.
